
LA - U R- 03 -O5S3
App roved iorpublic release;
distribution is unlimited .

Title:

Author(s):

Submitted to :

ELECTRON ENERGY TRANSFER RATES FOR
VIBRATIONAL EXCITATION OF N 2

L . Campbell , D . Ca rtwright , P . J . O . Teubner , M . J . Brunge r

XXIII International Conference on Photonic Electronic and
Atomic Collision s
July 23-29, 2003
Stockholm, Sweden

Los Alamos
NATIONAL LABORATOR Y

Los Al a mos Nati o n al Laborato ry, an affirmative a cti o n/equal opportu ni t y e mploye r, is operat ed by the U niversit y of C alifo rnia for the U .S .
Department of E nergy u nder co ntra ct W-7 405 - ENG -36 . By acceptance of this articl e, t h e publis her recognizes that the U . S . G overnm e nt
retains a nonex c lu s ive , roya lty-free license to pu blish o r repro duce the published fo rm of this cont ribu t ion , o r to a llow o thers to d o so , fo r U .S .
G overnm e nt purpos e s . Lo s A lamos N ati onal Labo ratory requests that the publisher identify this ar ticl e as wo rk pe rf o rmed u nder t he
auspices of the U . S . De partme nt o f Ene rgy. Lo s Alam o s N ati o n a l Laborato ry st rongl y supp orts academic f reedom a n d a researcher' s ri ght to
publish; as a n institution, however, the L aboratory d oes not endorse the viewpoin t of a publicati o n o r guarantee its t echnical co rrectn e ss .

Form 83 6 ( 8/00)

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.



For additional information or comments, contact:



Los Alamos National Laboratory Research Library

Los Alamos, NM  87545

Phone:  (505)667-5809

E-mail:  reports@lanl.gov



ELECTRON ENERGY TRANSFER RATES FOR VIBRATIONAL EXCITATION OF N 2

L. Campbell*, D. C. Caxtwrightt, P . J . 0 . Teubner* and M . J . Brunger *

*SoCPES, Flinders University, GPO Box 2100, Adelaide, SA 5001 AUSTRALIA
tTheoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87544, US A

The calculation of the electron density and

electron temperature distribution in our iono-
sphere (from ;zz~ 150-600 km) requires a knowledge
of the various heating, cooling and energy flow

processes that occur. The energy transfer from
electrons to neutral gases and ions is one of the
dominant electron cooling processes in the iono-

sphere, and the role of vibrationally excited N2
in this is particularly significant .

Previous studies on electron energy transfer
rates (Q) for vibrational excitation of N2 have

been conducted by Stubbe and Vaxnum [1], New-
ton et al . [2] and Pavlov [3] . Unfortunately all
these previous studies used cross sections which

have been superceded . We will thus initially re-
port on our recommended cross section matrix

for vibrational excitation in N2 . This matrix is
largely based on the compilation of Brunger and
Buckman [4], extended for 0-+ 1 to lower energies
using the accurate calculation in Robertson et al .
[5] , and the data set of Ohmori et al. [6] .

Using this recommended set the present elec-
tron energy transfer rates, as a function of the

electron temperature Te, for vibrational excita-
tion of N2 are calculated and the results com-
pared against those from the previous studies [ 1-
3] . An example of our data for the 0-41 excita-
tion process, shown as a ratio to the respective

results of Stubbe and Varnum, Newton et al . and
Pavlov, is illustrated in figure 1 . It is shown that
the present Q differ significantly from those of
the earlier studies [1-3] . Indeed we highlight that
the current Maxwell-averaged rate for 0 -+1 (and

this also holds for 0-42,3,4 . . . . 10) is substantially
smaller than the results from Pavlov for Te <
3000K and substantially larger than the results
of Stubbe and Varnum and of Newton et al. for

Te > 3000K. Practically, this means that people
using the Pavlov rates will have overestimated
the effect on the ionosphere of direct excitation

of the N2 vibrational levels in the lower half of
the ionosphere .

The calculated rates were found to be very
sensitive to the low energy tail of the cross sec-
tions . They were also found to be sensitive to

the effects of the well-known low energy ZIIy res-

onance in N2 . The effect of the high-energy "tail"
(i .e. E > 3 .5 eV) of the cross sections and fur-

ther key results from the current study will be
presented .
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Fig. 1. Q versus Te for 0-+ 1 excitation

in N2 . The ratio of the present results to
those of the eaxlier studies [1-3] is plotted .
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